In the present paper, it is considered a cylinder of the finite length being in an axisymmetric tension. The solution for the strength problem of the cylinder is obtained. This solution can be used for solving the problem of the strainly-deformed state of multilayer cylindrical bodies.
Introduction
Many problems connected with studying the strainly-deformed state of multilayer cylinders have been arisen in aviation, rocket-building indusrty [1] , [2] , [3] , [4] , [5] , [6] , [9] exact solutions of the axially symmetric deformation were constructed only for problems with specific boundary conditions. In this connection, solutions were represented in the form of trigonometrical series in the direction of the axial coordinate, solutions of the homogeneous problem were rerpresented in the radial direction [4] .
New problems of strength of bodies are arisen in connection with using new information and nanotechnologies of perspective composition materials [1] .
Formulation of the problem. In the present work, the problem of the starinly-deformed state (SDS) is considered for a cylinder of the finite length being in the axially symmetric strainly state. Let's formulate the problem statement. It is considered a hollow cylinder of the finite length l with interior and exterior radiuses r = a, r = b, a < b. It is supposed that the material of the hollow cylinder is isotropic. The following initial conditions are given on the interior and exterior surfaces:
here σ r , σ rz are componenets of the stress tensor, u, w are components of the transfer vector.
The following boyndary conditions are given on the end-walls of the cylinder:
Main Results
According to investigations of S.G.Lekhnitsky [2] , the equation of an isotropic cylinder equilibrum is reduced to the following form:
where
. Components of the stress tensor are connected with components of transfers as follows:
where E is the elasticity module.
Introducing the following dimensionless parameters
we reduce the equilibrum system of differential equations to the equation with respect to u 1 :
where ∆ =
It should be noted, the function u 3 (connected with the longitudinal components of transfers) is defined in this connection by two quadratures:
here f * 1 (η) , f * 2 (ξ) are arbitrary integration functuions. A solution of the equation (5) is determined in the form of
where f (i) (ξ) are unknown functions, factors by them present a system of linearly independent basic functions permitting separate variables both in the equilibrum equation (5), and in the boundary conditions (2); λ is a real number.
Substituting the solution (7) into the equation (5) and equating to zero coefficients by basic functions, we obtain equations for determining functions
here k i = 1 for i = 1, 2 and k i = −1 for i = 3, 4. Acording to the expresiion from the equilibrum system of differential equations (5), the eqaution (8) is represented in the form of
Choosing as the independent variable x connecting with ξ by the dependence x = λξ, where λ is a real nonzero number, we reduce (9) to the following equation
i.e. the Bessel equation (at k = 1) and the modified Bessel equation (at k = −1). It is known, linearly independent solutions of the Bessel equation (at k i = 1) and the modified Bessel equation (at k i = −1) of the first kind
are defined by the Bessel functions [7] of a real argument (I 1 , Y 1 at k i = 1) and an imaginary one (I 1 , Y 1 at k i = −1).
Two remaining solutions of (9) at certain k i are found as particular solutions of equations
Let us try to find a particular solution of the equation (12). A solution of the equation (11) is represented in the form of
where we suppose thatC 1 ,C 2 are functions of x such that they correspond to the right-hand side. Using the variation method of constants [8] , we obtaiñ
from where we define uniquely
The solution of (16) is found analogoysly. It is represented in the form of
at i = 3, 4. Thus, the solution of (9) is written in the form of
in which
at i = 1, 2 and
at i = 3, 4. Further, we shall need the following equalities
According to equalities (19) and (20), one can write
at i = 1, 2 and ∆ψ
at i = 3, 4. In relations (22) and (23), δ j i is the Kronecker symbol. Substituting the solution (18) into (7), we find the function of the radial transfer u 1 in the form of
where ϕ i (λη) are basic functions, i.e. (ϕ 1 , ϕ 2 , ϕ 3 , ϕ 4 ) = e λη , e −λη , cos λη, sin λη . To define the longitudinal coordinate of transfer u 3 , we substitute the value of u 1 from (24) into (6). Beforehand we find the integrand
where ∆ is the zero-order Laplace operator by the coordinate x. Substituting into (25) the expression of u 1 from (24), taking into account
we obtain:
Introduce the notation
Taking in account of (22), (23), the relation (27) is expressed in the form of
In these notations, the longitudinal component of transfer u 3 is written in the form of
By virtue of notation x = λξ,
and the expression (26) allows to find the second integral
The last two equalities allow to write the function u 3 in the form of
To realize uniqueness of the problem solution with homogeneous boundary conditions at the cylinder end-walls z = 0, z = l (η = 0, η = η 1 ), it is necessary to superimpose on the function f *
We find second arbitrary function f * 2 (x) in the form of
where A k i are constants subject to definition. Under conditions (28), (29) the longitudinal transfer component u 3 is written in the form of
Defined transfer components u 1 , u 3 allow to find deformation components in the form of
here we use notations
, i = 3, 4,
Taking into account components of the defromed state, find the components of the strainly-deformed state with respect to the physical relations:
The unknowns C i k (k = 1, 2, 3, 4; i = 1, 2, ...) enter into obtained relations. These constants should be found from boundary conditions at the lateral areas of the cylinder. The boundary conditions at the cylinder end-walls allow to define concretely the unknown parameter λ. Depending on the form of the cylinder end-walls fixing, obtained expressions for components of transfer, deformations and stress receive various concrete forms.
For boundary conditions of the considered problem
we obtain the following system of homogeneous equations with respect to constants C i k :
at i = 1, 2, and
The homogeneous system of equations (31) has the unique zero solution
The system of equations (32) For the considered case, it is necessary to take
The following equalities are obtained for components of transfers: 
